Purpose: To evaluate the predictability and reproducibility of stromal bed thickness for single-pass donor Descemet stripping automated endothelial keratoplasty (DSAEK) tissue preparation, using the ML7 Microkeratome Donor Cornea System (Med-logics Inc, Athens, TX).
D escemet stripping automated endothelial keratoplasty (DSAEK) is a procedure tailored for the surgical treatment of conditions associated with endothelial dysfunction. Initially described by Melles in 1999, it has been widely adopted since the technical modifications introduced by Gorovoy in 2006. 1, 2 With increased popularity of the technique, many eye banks are now supplying precut DSAEK tissue to corneal surgeons worldwide. [3] [4] [5] [6] [7] [8] Tissue prepared by eye bank technicians not only increases operating room efficiency but also ensures postcut tissue quality by evaluating endothelial health before transplantation.
Multiple platforms are available to assist in precutting DSAEK tissue. These include the Moria Microkeratome System (Moria International, Antony, France), Horizon microkeratome (Refractive Technologies, Cleveland, OH), and Intralase FS60 femtosecond laser (Abbott Medical Optics, Santa Ana, CA). 9 The ML7 Microkeratome Donor Cornea System (Med-logics Inc, Athens, TX) has integrated dual tracks to help create a more planar graft and decrease the risk of perforation. Additionally, a built-in pressure gauge displays the exact pressure within the artificial anterior chamber (AAC), which may assist the technician in achieving a targeted donor button thickness. As one of the first eye banks to adopt the Med-logics microkeratome system, the purpose of the study was to evaluate predictability, reproducibility, and safety of the provided single-pass precut corneal tissue.
MATERIALS AND METHODS

Protocol
This is a retrospective chart review of 256 consecutive corneal tissue preparations by trained technicians from Sierra Donor Services (Sacramento, CA) between June 2013 and August 2014. Data collected included donor characteristics such as age, sex, death-to-preservation time; precut information, including endothelial cell density (ECD), pachymetry, cut technician; and postcut information comprising the microkeratome head size, pachymetry, cut speed, ECD, cutting complications, and graft thickness preferred by the operating surgeon.
Each processed tissue was targeted to one of 3 groups based on surgeon preference. Target thickness groups were as follows: group A (,91 mm), group B (90-120 mm), and group C (120-160 mm).
Statistical analysis was performed using SPSS software (IBM, NY). Kruskal-Wallis 1-way analysis of variance was used on continuous variables to compare groups because each group had a different sample size. The x 2 test was performed on categorical variables. For precut versus postcut thickness and ECD, the Wilcoxon signed-rank test was performed. Correlation of results with age, death-to-preservation time, and precut pachymetry were analyzed with the Mann-Whitney U test.
Tissue Preparation
Preparation of the posterior lamellar tissue for DSAEK was performed at the Sierra Donor Services Eye Bank by 3 experienced eye bank technicians. All processing was performed aseptically in an International Standards Organization class 5 environment. Average ECD was measured before processing through fixed-frame specular microscopy (EB10; Konan Medical, Inc, Irvine, CA), and central corneal thickness was measured using Fourier-domain optical coherence tomography (RTVue; Optovue, Inc, Fremont, CA). The central corneal thickness was used to select the cutting head size and pressure combination predicted to achieve the desired graft thickness. The Med-logics ML7 microkeratome was used to perform all cuts in this study.
Tissue Precutting Technique
Sterile surgical tubing assembly was used to connect the AAC to an external digital gauge that measures the fluid pressure applied to the system using a 30-mL syringe filled with balanced salt solution. The donor corneoscleral rim was carefully centered on the AAC and then secured using the supplied fixation cap and lock ring. The pressure within the AAC was raised to a predetermined level, and 1 microkeratome cutting head with a gap of 250, 300, 350, 400, or 450 mm was selected and fitted with a blade. The cornea was prepared by removing the epithelium using an ophthalmic spear sponge and marking the cornea with gentian violet as directed by the transplanting surgeon. A few drops of balanced salt solution were then used to lubricate the corneal surface. The cutting head was then attached to the microkeratome hand piece and mounted onto a dual track on the fixation cap. The microkeratome motor was engaged by depressing a foot pedal, and the hand piece was advanced by the eye bank technician using a continuous forward motion. The ML7 console regulates the blade speed as the cut advances to improve consistency of the cut through the cornea. When the cut was completed, the free cap was repositioned on the graft bed and fluid was removed from the interface by using additional spear sponges to wick out fluid and ensure cap adherence. Positive pressure was maintained on the AAC to dismount the fixation cap with the cornea. The cornea was then placed into a new corneal viewing chamber with fresh corneal preservation media and labeled appropriately. Central corneal thickness was remeasured by optical coherence tomography and postprocessing specular microscopy, and slit-lamp examination was performed to inspect for any processing-related irregularities.
RESULTS
Donor Corneas Characteristics
Two hundred fifty-six cutting procedures were performed during the designated study period. Donor age, male-to-female ratio, and death-to-preservation time were comparable in all 3 groups ( Table 1 ). All cut tissue was processed and used for corneal transplantation within #14 days of preservation.
Graft Thickness: Microkeratome Cutting Reliability
The mean thickness of precut donor corneas was 514 6 71 mm (range, 364-648 mm), whereas the mean of postcut donor corneas was 114 6 30 mm (range, 60-183 mm). Precut and postcut average thicknesses of groups A, B, and C are listed in Table 2 . In group A, 42% of the processed tissue was within the requested range ( Fig. 1) , whereas 46% of the grafts were #100 mm. In group B, 58% of the processed tissue was within the surgeon's preferred target range (Fig. 2) , whereas 78% of the grafts were cut within 610 mm of the requested range. In group C, 51% of the processed tissue was within the target range ( Fig. 3) , whereas 77% was within 610 mm of the requested range.
Three technicians performed the procedures during the designated period. They were compared with each other to assess their ability to achieve the requested postcut thickness (Table 3 ). There was no statistically significant difference between cutting technicians (P = 0.385, x 2 test). Moreover, processed tissues found to be within the requested target ranges were not correlated to donor age (P = 0.698, Mann-Whitney test), donor sex (P = 0.993, x 2 test), death-topreservation time (P = 0.410, Mann-Whitney test), or precut thicknesses (P = 0.088, Mann-Whitney test).
Tissue Loss and Disqualification
There were a total of 7 failed procedures from 256 attempts (2.7%). These tissues were disqualified for transplantation secondary to perforations (n = 2), uneven cuts (n = 3), and thinness (n = 3). Four of the 7 failed procedures were during the 53 first attempts; the rate of tissue loss and disqualification dropped to 1.5% in the last 200 cuts. There was no difference in tissue characteristics among these failures.
Safety Profile: ECD
The average precut ECD was 2955 6 224 cells per square millimeter. The average postcut ECD was 3013 6 250 cells per square millimeter. Precut and postcut average ECD of groups A, B, and C are listed in Table 4 . Average ECD was higher postcut compared with precut in all 3 groups (P , 00.005, Wilcoxon signed-rank test). Sixty-six percent of processed tissues had a higher postcut ECD when compared with the precut ECD, with an average increase of 2.1%.
DISCUSSION
This is the first study to evaluate the outcomes of tissue processing for DSAEK surgery with a single-pass using the ML7 Microkeratome Donor Cornea System. Because other studies have been published using different tissue preparation platforms, we believed that it was important to assess the quality of our precut grafts.
The average thickness of all of our prepared grafts was 114 6 30 mm. Many studies regarding DSAEK surgery reported average graft thicknesses for various analyses ranging between 145 and 199 mm. 4,10-15 These studies might have higher averages because they date from the preultrathin DSAEK era and surgeon requests for thinner tissue were not as prevalent. Our data set includes grafts that were aimed for thicknesses ,91 mm, which might lower our average in comparison with these other studies.
Forty-six percent of the processed tissue in group A (,91 mm) had a central thickness of ,101 mm. For many surgeons, this is considered the cutoff for ultrathin DSAEK surgery. The benefit of ultrathin DSAEK remains controversial in the literature. [16] [17] [18] [19] [20] With their microkeratome double-pass technique, Busin et al 18 reported having 100% of grafts ,151 mm, 95.6% ,131 mm, and 78.3% ,101 mm, with a tissue loss rate of 2.1%. Woodward et al 21 also had a higher percentage of grafts ,101 mm (65%) with a perforation tissue rate of 23% to 29%. Although the percentage of grafts achieving ,101 mm was lower in our cohort, 100% of these single-pass prepared lenticules were ,131 mm with a 6.25% tissue loss.
We achieved the surgeon's preferred thickness 58% of the time in group B (90-120 mm) versus 51% in group C (120-160 mm). These findings are similar to those of Kelliher et al, 4 in which 59% of their processed tissue met the thickness requested, when aiming for grafts between 101 and 150 mm. Again, using the Med-logics system, we are able to reliably target graft thickness.
In terms of tissue safety and preventing tissue wastage, our overall rate of discarded tissue was 2.7%, which decreased to 1.5% when looking at our last 200 procedures. This value is comparable to values reported in previously published studies. 4, 6, 22, 23 Kelliher et al 4 reported a 5% tissue-processing failure rate in the first quarter of their 913 procedures, which decreased to less than 0.5% in the last quarter. The decrease in tissue loss with experience suggests that there is a learning curve for the precutting procedure.
Finally, the average postprocessing ECD was acceptable (3013 6 250 cells/mm 2 ), and comparable to that reported in other published studies. 4, 6, 23 We found an average increase of 2.1% of ECD after the procedures, with 66% of the grafts having a higher precut ECD compared with the postcut ECD. These findings are exceedingly similar to those of Kelliher et al 4 who reported 65% of their grafts with a higher ECD postcut, with an average increase of 4.7%. This increase is most likely related to bias either before or after tissue processing.
Potential limitations of this study include the smaller sample size (n = 256) compared with other studies and the fact that we evaluated the cuts performed during the first year of tissue preparation. The latter may reflect a bias from the learning curve of 3 different technicians. Future studies with a larger sample size and comparing precut thickness with visual outcomes are warranted.
The purpose of this study was to evaluate corneal tissue processing with the MK7 Microkeratome Donor Cornea System. We found that this system provides reliable and apparently safe single-pass DSAEK tissue preparation with minimal damage to the endothelial cells and minimal tissue wastage. Ultrathin DSAEK tissue can be prepared with a single-pass; however, predictability seems to be lower than in preparation of grafts between 90 and 120 mm thick. The system seems to be comparable to other microkeratomes reported in the literature and may be another alternative for eye banks looking to start DSAEK tissue preparation. ,0.0005 0.007 ,0.0005 0.017
